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To create a virtual community of learning within the 
Indiana University School of Medicine, learning tools 
were developed within ANGEL to meet the learning 
needs and habits of the medical students. Methods: 
Determined by student feedback, the integration of 
digital audio recordings of class lectures into the 
course management content with several possible 
outputs was paramount.  The other components in-
cluded electronic enhancement of old exams and pro-
viding case-based tutorials within  the ANGEL 
framework.  Results: Students are using the curricu-
lum management system more.  Faculty feel more se-
cure about their intellectual property because of the 
authentication and security offered through the 
ANGEL system. The technology applications were 
comparatively easy to create and manage.  The re-
turn on investment, particularly for the digital audio 
recording component, has been substantial. Conclu-
sion: By considering student learning styles, extant 
curriculum management systems can be enhanced to 
facilitate student learning within an electronic envi-
ronment. 
 

BACKGROUND AND SIGNIFICANCE 
 

Medical education from the early 1950’s until 
recently was based in large part on rote memorization 
of facts driven by the objective assessment measures 
of the National Board of Medical Examiners.1 Medi-
cal students have been recruited based on their GPA, 
particularly in science courses, and their MCAT 
scores, a demonstration of their knowledge at the 
point of testing rather than their ability for continuous 
learning. 

In the late 1980’s, with the medical knowledge 
explosion, educators began questioning the need to 
teach more and more basic science facts in favor of a 
curriculum with more clinical relevance.  At the same 
time, national licensure exams were beginning to re-
flect the changes in emphasis in medical education.2-3  

However, most basic science and clinical faculty 
still taught facts to insure that their students passed 
the national exams. 

Rather than the standard emphasis on the teach-
ing and regurgitation of facts, common in the last half 
of the 20th century, some medical educators began in-
troducing a new form of medical education, problem-
based learning [PBL], more closely aligned with 
adult learning styles.4 Studies on this new education 
form found greater appreciation and less student dis-
tress in the new mode of learning.5-6 

For many of those schools opting to continue 
traditional forms of medical education, computer as-
sisted instruction [CAI] began in the 1960’s as a 
means to facilitate teaching the growing factual 
knowledgebase of medicine. Early programs were 
initially designed to mitigate need for classroom in-
struction or to teach problem-solving skills in clinical 
medicine.7 By the 1980’s, computer assisted instruc-
tion was still being used, but as an adjunct to class-
room instruction.   

With the advent of curriculum management sys-
tems and their rapid adoption by medical schools, 
CAI entered into a new era. For the first time, medi-
cal education had the ability to facilitate student 
learning on-demand, within an environment and at a 
time chosen by the student. Schools had the opportu-
nity to use these systems to facilitate student learning 
by incorporating the principals of adult learning the-
ory and the differences in learning styles. However, 
most schools used the new tools to offer greater ac-
cess to more knowledge through electronically dis-
tributed syllabi and supplemental materials, e-
reserves and e-texts. 

In 2000, the Indiana University School of Medi-
cine [IUSM] adopted ANGEL [A New Global Envi-
ronment for Learning], developed by CyberLearning 
Labs, Inc., as its curriculum management system 
[CMS].  The choice over other curriculum manage-
ment software on the market at the time was based on 
the number of features that were specifically de-
signed for medical education.  Within the first eight-
een months of use, every undergraduate medical edu-
cation course on the Indianapolis campus used 
ANGEL for at least access to syllabi, instructor notes, 
and knowledge-based resources.  Most of the gradu-
ate medical education courses used the system, sev-



eral for tracking graduate competencies, some for 
scheduling and communication and others for evalua-
tion.  Every student was required to use the system, 
but, according to computer logs, only half of the stu-
dents used it routinely.  

Through convenience sampling of medical stu-
dents to determine the reasons for the lack of wide 
spread use, several themes emerged.  Chief among 
these was the impression that ANGEL did not ad-
dress the specific modes of learning preferences by 
the students.  Specifically, during the freshman and 
sophomore years, students with the least pervasive 
adoption of ANGEL relied primarily on the audio 
tapes of classes for reinforced learning as well as old 
assessment instruments and small group, case-based 
learning exercises conducted both within and outside 
of the classes. 
 

AIMS 
 
In an attempt to increase student use of ANGEL 
predicated on learning styles and addressing student 
stated needs and to create a virtual community of 
learning within the electronic environment, system 
reengineering through introduction of student driven 
enhancements was undertaken: 

o To provide medical students with a variety 
of class presentation resources within the 
ANGEL system 

o To facilitate multiple means by which stu-
dents can access and use these resources  

o To ensure anywhere, anytime access to these 
resources 

o To provide these resources in a secure vir-
tual environment using appropriate authenti-
cation tools 

 
METHODS 

 
Before discussing enhancements it is necessary 

to understand the functionality of the extant curricu-
lum management system. Although ANGEL was 
originally designed to fully address the needs of dis-
tance learning programs, it offers an automated 
method of creating a complementary Web environ-
ment for every traditional classroom-based course in 
an academic medical center. Additionally, ANGEL 
offers an enterprise solution for the creation of a 
complete institutional portal for e-learning that that 
can be accessed using a single user name and pass-
word authenticated through the university’s global 
directory services.   While other institutionally based 
systems exist to support their own medical education 
activities,8 ANGEL as a CMS is exceptional in that, 
as a commercial product, it was developed to address 

the specific scheduling and multi-level faculty con-
structs unique in medical education. 
 

The features of this system include: 
o Automatic creation of a user profile or Web-

site for every user (students, faculty and 
staff)  

o Automatic creation of a personalized calen-
dar, bookmarks, task lists and more for 
every user and every course  

o Automatic creation of a Web environment 
for every course offered, including both dis-
tance learning and traditional classroom-
based course sections 

o On-demand creation of group Web environ-
ments for both personal and public groups  

o Automatic maintenance of a series of 
school-wide resources including a Web-
based classifieds page, news bulletins, mes-
sage boards, and smart search engines 

Automatic creation of Web-server accounts for 
every user 

o Automatic creation of a single "front door" 
URL and one-time authentication for above 
services  

o Automation of time consuming and repeti-
tive tasks through the use of integrated intel-
ligent agents 

 
The entire ANGEL application consists of a se-

ries of Active Server Pages (ASP) that access a num-
ber of custom components which store and retrieve 
data from a MS SQL Server database or other 
ODBC-compliant data source. Each of the ANGEL 
components is built as a separate Active X Dynami-
cally Linked Library (DLL). The DLL files were cre-
ated in Visual Basic 6 Service Pack 4. Style elements 
such as fonts and color schemes are controlled using 
Cascading Style Sheets (CSS) to allow maximum 
flexibility in the presentation of information without 
requiring source code modifications or advanced 
ASP scripting. 
 With its adaptive interface, ANGEL offers a 
platform for community building in addition to 
course delivery. The component-based architecture 
has allowed the School of Medicine to customize its 
features and appearance for its own audiences. All of 
the major CMS features are included: chat rooms, 
threaded discussion forums, mail messaging, quizzes, 
surveys, homework submission and file upload capa-
bilities.  However, with all of this functionality and 
basic architecture for creating a virtual community of 
learning, the students wanted more, or at least a dif-
ferent presentation of learning tools within the 
ANGEL environment. 
 



Auditory Learning 
The most demanded enhancement addressed 

the need to provide audio access to all basic science 
lectures in a variety of formats and selected access to 
lectures in video format. For over twenty years Indi-
ana University School of Medicine had been audio-
taping all basic science classes and loaning the tapes, 
on demand, to medical students enrolled in the re-
spective classes.  The average use required producing 
two to three tapes per class.  The need to move to a 
digital delivery method was further exacerbated by 
the increasing demand for audiotapes by the class of 
2006, up to ten tapes per lecture, and the loss of per-
sonnel in the unit that had been providing this ser-
vice. 

Audio/video streaming was the obvious solution 
but there were a number of problems. All students 
were required to buy computers and have Internet ac-
cess. A campus modem pool provides off-campus ac-
cess for this purpose.  However, based on local phone 
service, connection speed could be as low as 19.2 
bps, precluding streaming audio and video signals as 
the only means of access.  In addition, many students 
enjoyed the ability to take tapes on vacation or listen 
while in the car.  Another issue involved the appro-
priate way to offer the audio through ANGEL.  The 
simpler solution would be to provide an index and 
direct access to a media server, such as Standord’s 
MediaServer.9  However, that would mitigate the 
goal to create the virtual community of learning 
within the ANGEL framework. 

To address the student access issue, a solution 
was employed that enabled audio streaming as well 
as downloading to MP3 players and decompressing 
the audio for CD creation.  To address the issue of 
integration within the ANGEL environment, the lec-
tures are recorded digitally and captured in time se-
quenced segments.  These are then encoded and 
linked to the appropriate classes within the ANGEL 
system. 

The system architecture is composed of a three 
line feed from three classrooms/auditoriums in two 
separate buildings. The digital microphones are 
multi-purpose and can amplify voice in the class-
rooms/auditoriums as well as capture the audio for 
transmission. During the first three months of imple-
mentation, a decision was made to provide redun-
dancy by creating audiotapes as backup.  Therefore, 
the signal was split two ways, one going to an audio 
cassette tape deck and the other to a Dell workstation 
with an audio card.  For simultaneous feeds, three 
workstations and three cassette tape decks were used. 

The Dell workstations run Windows XP profes-
sional, and the encoder software is AudioGrabber.10  
Although many MP3 encoding packages were con-
sidered, AudioGrabber was chosen because of its 

scheduling capabilities.  Each evening the staff re-
sponsible for the audio capture must setup the re-
cording jobs to run the next day.  For each daily 
schedule, the audio is captured without staff interven-
tion.  There is currently no way to setup recurring 
jobs on multiple days.  

The audio is saved to a local file on the Dell en-
coding stations.  After the recording is complete, the 
file is manually moved to a shared folder on the me-
dia server.  The staff involved with the audio capture 
have authority to copy files into this folder, but not to 
delete or overwrite any other files.  

Once the file is on the media server, it is imme-
diately available to students through the ANGEL sys-
tem.  There is a Java program that parses the media 
server for MP3 audio, and creates download and 
stream links for output to a web browser. 

There was some discussion by faculty about the 
best way to make the audio files available.  Because 
the Indiana University School of Medicine has multi-
ple campuses for freshman and sophomore years, 
some faculty wanted the files to be indexed within 
Angel and made available to all students at all cam-
puses, insuring that all students had equal access to 
teaching on the Indianapolis campus.  However, other 
faculty wanted the digital audio recordings of each 
class to be linked to the specific class, letting the fac-
ulty member decide who did or did not have access to 
the lecture outside of the class.  

The technology issues with the two options cen-
tered on authentication.  If the digital audio re-
cordings were linked within specific classes and 
courses, then only those enrolled in the courses could 
have access.  If the files were accessible within a ge-
neric school directory in ANGEL, then any authenti-
cated user of ANGEL could have access.  

Because faculty had agreed that their classes 
could be audio taped and stored for the length of the 
semester in the Learning Resources Center, for ac-
cess by the students enrolled in the respective 
courses, a decision was made to link each digital au-
dio recording directly to the class, based on digital 
time and date stamps, within the course that it was 
presented.  This decision was further supported be-
cause of the ability of students to access the digital 
audio recordings while viewing the power point 
slides used in the same lectures.  Using the ability to 
schedule the recordings, the linking of the digital au-
dio recordings is accomplished at the time the parsing 
takes place.   

Video streaming of guest lectures is another fea-
ture of the attempt to promote ANGEL as a virtual 
learning community.  Some faculty require students 
to attend named lectureships that frequently conflict 
with clinic or other duties.  By digitally capturing 



these lectures and making them available through 
ANGEL, an increasing number of junior and senior 
medical students are coming to ANGEL as their pri-
mary means to access lectures given on the medical 
school campus. 
 
Visual Learning 

The remaining two student requested compo-
nents were technologically simple, specifically pro-
viding older assessment tools within the ANGEL en-
vironment and promoting the development of case-
based learning modules that would include both for-
mative and summative assessment. 

To accomplish the first, faculty were helped to 
reformat old tests into ANGEL’s sophisticated 
evaluation tools. These exams, using a variety of 
question types, could be enhanced by limiting access 
to answers or providing immediate feedback with 
commentary on each question.  The major impedi-
ment was convincing the faculty that access could be 
restricted to those in the class. 

The second area, creation of case-based modules, 
was more difficult. The request for case-based tutori-
als has been growing with several clinical department 
initiatives targeting both junior and senior medical 
students as well as offering graduate medical educa-
tion alternatives to acquire and demonstrate proof of 
competencies.  ANGEL did not readily offer a prob-
lem-based learning tool, but by modifying the survey 
tool, case-based learning modules could be created.  
However, a prior decision had been made that while 
ANGEL needed to be the front end to all educational 
programs, any computer assisted instructional mod-
ule that offered seamless interface could be incorpo-
rated into the platform. 

The technology modifications for the enhance-
ment were centered on integrating ANGEL with a sys-
tem called EDACTIC [a technology suite used to cre-
ate and deliver interactive coursework] as well as 
providing authentication that crossed both.  The tech-
nical requirements to accomplish this were relatively 
easy because both used Microsoft authentication and 
management tools.  EDACTIC, developed by a faculty 
member at IUSM, was chosen because of the relative 
sophistication of its case-based learning and moder-
ately intuitive authoring tools, as well as the ability to 
use EDACTIC’s formative assessment features com-
bined with ANGEL’s summative evaluation tools.  

By listening to students and using essentially off-
the-self technology, ANGEL is being transformed 
into an accepted virtual community of learning. 
 

RESULTS 
 

There are several measures of success that have 
been used to determine the efficacy of this initiative.  

These include the ability to use the extant technology 
as a low-cost solution to realize the aims, the accep-
tance of the applications by the students, and the po-
tential for return-on-investment for the various com-
ponents. 

ANGEL already provides a system that supports 
distributed learning in a secure environment.  Inher-
ent in this is the assumption that access is anywhere, 
anytime. The issues raised by the students regarded 
the ability to get digital audio recordings of classes 
quickly and in a variety of formats, the ability to ac-
cess old assessment tools, and the ability to  use case-
based computer assisted instructional modules to fa-
cilitate individual learning on-demand. 

The major initiative in the attempt to move 
ANGEL into more of a community of learning based 
on different learning styles of students was the at-
tempt to integrate auditory learning through the inte-
gration of digital audio recordings into the ANGEL 
system. The technology has been explained above.  
In a survey of other medical schools in Spring 2002, 
with a response rate of greater than 90%, fewer than 
5% of the respondents offered comprehensive audio 
or video recordings of classes.  Only two offered 
their recordings through audio streaming, and neither 
embedded the digital audio recordings of individual 
classes in their curriculum management systems 
linked to the specific classes.11 

Student use of the three modes of access, audio 
streaming, downloading to MP3 players, and decom-
pressing the audio to create CDs, is growing.  Within 
the first few weeks of implementation, there was a 
100% increase in use.  While it has as yet to be de-
termined what format will be the most popular, more 
students seem to prefer the creation of CD ROMs.  
Through random queries, many of the students report 
that it is easier to run their CD ROM players while 
viewing the PowerPoint slides and accessing other 
learning support utilities on ANGEL.  It is assumed 
that more students making copies will result in more 
students using ANGEL for review. 
 In terms of return on investment, the cost of the 
system was $12,365 for hardware and software, with 
the majority supporting the media server.  Personnel 
costs were calculated to be $192 based on four hours 
of effort for wiring @ $22.15 per hour and six hours 
of effort for hardware setup and coding @ $17.30 per 
hour.  However, with a class size of 140 for each of 
the first two years on the Indianapolis campus and 
with the need to record approximately 1,170 fresh-
man and sophomore lectures per year, the savings 
have been substantial.   

The cost of audio cassettes was approximately 
$9,000 per year.  Although some were reusable, a 
substantial number were lost.  The audio taping pro-
cedure required two .5 FTE personnel five days a 



week to insure that the taping of each lecture was 
made according to a certain time schedule and that 
duplicate cassettes were produced.  Currently, less 
than one .5 FTE is required to manage the entire sys-
tem, including student support, and that should de-
crease over time with students becoming more and 
more familiar with downloading the digital audio re-
cordings.  The total annual cost savings without am-
ortizing the equipment is estimated to be approxi-
mately $24,500 for the first year.  For the second year 
of operation, the savings should rise to over $37,000. 

Since the reformatting of the paper-based as-
sessment tools into the ANGEL evaluation system, 
students have been provided with greater access and 
faculty are comfortable with the decision because of 
the security measures in place within ANGEL.  How-
ever, there is one problem from the faculty perspec-
tive that still remains.  Just as it is easy to copy a bor-
rowed test, it is also easy to do a screen capture of 
any of the assessment tools and print it off.  On the 
other hand, because of the functionality of the 
ANGEL evaluation system and the ability to either 
mask the right answer or have immediate feedback, it 
is hoped that the students using the system will not 
try to disseminate the content.  The reformatting of 
the paper-based assessment tools was done within the 
current ANGEL environment and required no tech-
nology enhancement.  The only costs involved were 
those of staff inputting the questions. 

With the integration of EDACTIC into the 
ANGEL environment there has been significant posi-
tive feedback on the part of residents because of the 
ability to learn at home and not be subject to the new 
hours on site rules by the ACGME [American Coun-
cil of Graduate Medical Education].  The clinicians 
using EDACTIC to create case-based learning have 
found it extremely easy to use and students using the 
modules have expressed that it contributes to their 
learning and offers them a means to interact with oth-
ers in a problem-solving way in addition to helping 
them understanding specific clinical problems and 
their management.  The costs for integration involved 
a minimal amount of information technology staff 
time. 
 

CONCLUSION 
 

Computer assisted instruction and course man-
agement software are beginning to coalesce to pro-
vide a unique platform for on-demand learning.  
These systems, when combined with the principles of 
adult learning theory, including reliance on student 
learning styles and provision of experiential learning, 
promise to revolutionize medical education as we 
know it.  

The Indiana University School of Medicine im-
plemented a curriculum management system in 2000, 
and, like many other medical schools, its use by 
medical students was not widespread. Only by seek-
ing ways to create learning environments that address 
student learning styles and stated needs will medical 
students begin to rely on these systems as virtual 
communities of learning.  Only when medical stu-
dents find comfort in working within these virtual 
communities of learning will they be ready to easily 
move into the virtual communities of medical care 
within the next decade. 
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